Analyzing genes regulated by the estrogen receptor ing a strong splicing acceptor site from the ␤-globin gene in order to avoid any cryptic splicing event over the (ER) or the androgen receptor (AR), we unexpectedly observed recruitment of TBL1 in response to ligand-EGFP coding sequence (Figure 2A) , and G418-resistant R1-ES cells were screened for homologous recombinadependent gene activation. TBL1 was recruited on the ERE response element of the pS2 promoter in response tion events by Southern blot analysis with specific 5Ј-and 3Ј-probes; two positive clones were further conto estradiol (E 2 ) stimulation ( Figure 1B) , together with To investigate whether the function of TBL1 or TBLR1 requirement for nuclear receptor function might reflect a role in the recruitment of the ubiquitin/proteasome in transcriptional activation might be to recruit the ubiquitin-conjugating machinery, we tested whether TBL1 machinery. Degradation of nuclear receptors upon ligand binding has been reported for almost all the domains important for binding to ubiquitin ligases were also required for transcriptional activation by TBL1-that transcriptional activation by RAR upon ligand stimudependent nuclear receptors. Indeed, deletion of the lation is dependent on the F box-interacting subunit, putative F box, ubiquitin ligase-recruiting domain, was SKP1A, of many SCF complexes as specific siRNAs enough to abolish the ability of TBL1 or TBLR1 to rescue against the two isoforms SKP1Aa and SKP1Ab fully abtranscriptional activation by any of the receptors tested rogated SKP1A expression by 72 hr and inhibited RARwhen endogenous TBL1 or TBLR1 had been specifically mediated transcriptional activation, while nonspecific blocked by antibody microinjection (Figures 4B and 4C) . siRNAs were without effect ( Figure 4I ). Deletion of the WD-40 CЈ-terminal region also blocked These data are consistent with nuclear receptor activ-TBL1 transcriptional function ( Figure 4B ). To confirm the ity being modulated by ubiquitylation and suggest that specificity of these results, we also injected specific TBL1/TBLR1 are the specific F box/WD-40 adaptor prosiRNAs against TBL1 and TBLR1 and the unrelated teins used for the recruitment of the ubiquitin-conjugat-F box/WD40 proteins Fbx3 and Fbx8 and found that only ing enzyme UbcH5 to specific targets. However, a com-TBL1 and TBLR1 were required for nuclear receptorplete and exhaustive description of the network of mediated transcriptional activation ( Figure 4D) . enzymes used by each receptor will clearly require furTo confirm that TBL1 is capable of interactions with ther analysis in the future because specific interactions ubiquitin-conjugating enzymatic activity, we performed among E3 ligases and specific ubiquitin-conjugating E2 immunoprecipitation of endogenous TBL1 from 293
enzymes have yet to be fully defined. tion for TBL1 function in gene activation could be in Microinjection of specific antibodies against the difmediating the degradation of the receptor, which has ferent UbcH enzymes revealed that, in the case of estrobeen suggested to be the reason for which the proteagen receptor, UbcH5 was not only physically recruited some is required for receptor-mediated transcriptional on the promoter, as shown on the pS2 promoter (Figure activation. 4H), but also appeared to be functionally required for We tested this hypothesis by analyzing whether the transcriptional activation of an ERE-dependent reporter global downregulation of the estrogen receptor protein ( Figure 4H ). Interestingly, we found that UbcH5 was genlevel upon ligand treatment would be affected by the erally required by all the receptors analyzed ( Figure 4H) . deletion of the Tbl1 gene. First, we confirmed that To use an independent method to confirm this require-ER␣ protein could be downregulated in a proteasomement, we designed specific siRNAs that fully abrogated dependent fashion, following estrogen stimulation, in UbcH5A, B, and C expression and confirmed that UbcH5 both MCF7 and in NIH-3T3 cells; however, in the pituitary is required for transcriptional activation ( Figure 4I ). Intercell line ␣T3, only limited degradation occurs and only estingly, we also found receptor-specific recruitment of at much later times after ligand stimulation (Figure 5A additional enzymes: the E2 enzyme UbcH7 for ER; the and data not shown). Surprisingly, we did not observe HECT E3 ligases MDM2 and E6AP and UbcH7 in the any downregulation of ER␣ in ES cells, even though in case of RAR; and UbcH2 and E6AP in the case of thyroid hormone receptor ( Figure 4H ). Additionally, we showed these cells TBL1 is fully required for E 2 -dependent gene activation; indeed we found that ER␣ protein level was and this effect is partially abrogated by overexpression of TBL1 ⌬N, suggesting that HDAC3 may also be a target actually upregulated, while it remained essentially unchanged in the Tbl1 ⌬ /Y cells ( Figure 5B ). Because we of TBL1-induced degradation ( Figure 5D ). Figure 2F and data sor complex was the required step mediated by TBL1 and/or TBLR1, then TBL1 and TBLR1 would no longer not shown), these data reveal that the requirement for TBL1 for ER-mediated transcriptional activation cannot be required for activation in absence of N-CoR. Thus, using siRNAs against N-CoR and SMRT, which are effecbe explained as a consequence of TBL1 being responsible for estrogen receptor degradation. These data raised tive in bringing them to undetectable levels by 24 hr after siRNA nuclear microinjection (data not shown), we the intriguing possibility that TBL1 is responsible for ubiquitylation/degradation of other cofactors and/or tested whether either TBL1 or TBLR1 were required for transcriptional activation in the absence of these two components of the transcriptional machinery required for nuclear receptor functions.
If the dismissal or degradation of the N-CoR corepresobserved impairment of the ES cells to respond to estrogen stimulation in absence of TBL1 (
corepressors. We found that activation of T 3 R in response to ligand was still completely dependent on Because TBL1/TBLR1 are components of an N-CoR corepressor complex, we tested the hypothesis that TBL1 independent of the presence of N-CoR/SMRT (Figure 5E either the dismissal/degradation of corepressors or the Interestingly, by performing a sequential, two-step chromatin immunoprecipitation experiment in 293 cells, first turnover of the receptor, suggesting that TBL1 plays additional roles, possibly in the exchange of other coreusing ␣-N-CoR IgG and subsequently ␣-UbcH5, we were able to observe UbcH5 recruitment to N-CoR-occupied gulators, either corepressors and/or coactivators.
The idea that TBLR1 is required for activation because RAR␤ promoter following 5 min of retinoic acid stimulation ( Figure 5H ). Because the N-CoR/SMRT corepressor of the necessity of mediating ligand-dependent dismissal/degradation of the corepressors raises the intercomplex had been almost completely dismissed (Figures 5H and 5G) , the material pulled down by ChIP during esting question of whether ligand causes the recruitment of the UbcH5-containing ubiquitination complex the second step with ␣-UbcH5 IgG represented a highly enriched population of UbcH5/N-CoR-containing proto the N-CoR/SMRT bound receptor. First, to confirm the recruitment of UbcH5-containing ubiquitin machinery moters (‫-54ف‬fold) ( Figure 5H ). These results suggest that the UbcH5-containing ubiquitin machinery is reupon ligand stimulation, we examined the early kinetics following RA stimulation, finding that UbcH5 is recruited cruited by TBLR1 to the N-CoR bound receptor upon ligand stimulation, permitting corepressor dismissal and to the RAR␤ promoter upon ligand stimulation and that most N-CoR dismissal occurs by 2-5 min ( Figure 5G) . cofactor exchange. Figure 6C) . Together, the case of nuclear receptors, the TBLR1-mediated exthese data suggest that TBL1 is required for effective change of corepressors is also a central aspect in growth and inflammatory signaling events. commitment of ES cells to the adipogenic fate, probably In conclusion, we suggest that TBL1 and TBLR1 condifferent ubiquitin-conjugating enzymes and ubiquitin stitute a specific class of coregulators, distinct from ligases showed that, while UbcH5, as well as TBL1/ other classes of coactivators and corepressors, which TBLR1, was required for transcriptional activation by all play important roles in both activation and repression, the nuclear receptors examined, additional components acting as nuclear receptor corepressor/coactivator exof the ubiquitin/19S proteasome machinery could be change factors (N-CoEx), required for modulating regurequired by specific receptors. This is consistent with lated gene transcription by nuclear receptors and other the idea that receptors, coactivators, and other compoclasses of DNA binding transcription factors (Figure 7) . nents of the transcriptional machinery are undergoing continuous turnover.
Adipogenic Differentiation Is Inhibited in TBL1

